Translational research has led to significant benefits in the screening and management of patients with colorectal cancer, such as the identification of responders to cetuximab therapy, and the application of microsatellite instability and intrinsic subtyping of colorectal cancers towards personalized therapy.
Introduction
Colorectal cancer (CRC) is the third most commonly diagnosed cancer in males and the second in females [1] . The incidence rates of CRC, including Eastern Asia and Eastern Europe, are still increasing, although the United States is the only country with significantly decreasing incidence rates, owing to the sensible practice of CRC detection screening [2] . In addition, current therapeutic managements for CRC are mainly based on surgery, chemotherapy, radiotherapy and molecularly targeted therapy. Molecularly targeted therapy, mostly derived from translational cancer research, has achieved good therapeutic effect. However, the heterogeneity of CRC leads to the same treatment achieving different individual responses. This stresses the need for translational research, especially with respect to discovering the suitable molecular targets for matching different individuals.
The enterprise of translational cancer research was initiated 40 years ago and has always been emphasizing on the bench-to-bedside and bedside-to-bench researches. The ultimate goal of translational cancer research is to better understand the heterogeneity of human cancer and further turn discoveries into benefits for cancer patients [3] . Despite great challenges, progress in the translational research of cancer is constantly emerging. Evidently, from cytotoxic T lymphocyte research to ipilimumab used in metastatic melanoma [4, 5] and breast cancer subtype assessed by estrogen receptor, progesterone receptor and HER-2, which proved to be intensely associated with the prognosis and treatment response of breast cancer [6] , many novel drugs derived from translational cancer research have come to be the mainstay of clinical cancer treatment. Simultaneously, CRC also witnesses the substantial progress that translational cancer research brings into clinical development.
Basic Strategies in Translational Research
Translational research is defined as 'the application of a discovery to the practice of medicine' [7] . However, more precisely, the process of translational research can be viewed as a cycle, consisting of several identifiable phases: observation with a bright idea, synthesis with medical knowledge, hypothesis testing and further discovery, and application to clinical testing [3, 7] . The process of translational research underlines the requirement of clinical application-directed biological research. For another aspect, specifically in CRC translational research, we can depict the basic strategies of translational research into four steps ( fig. 1 ):
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Biomarker Discovery
Biomarker selection evolves from the comprehensive analysis of cancer biology. To date, some biomarkers are commonly selected from genome screening. A comprehensive genomescale analysis of 276 samples was conducted to characterize somatic alterations in colorectal carcinoma by the Cancer Genome Atlas Network [8] , suggesting a great number of potential biomarkers involved in the molecular biological process in colorectal carcinogenesis, such as high microsatellite instability (MSI), MLH1 silencing, somatic mismatch repair gene and polymerase e mutations, APC, TP53, SMAD4, PIK3CA and KRAS mutation.
Identification in Xenografts
After the discovery of the biomarker of interest, we have to identify its biological behavior and function in xenografts both in vitro and in vivo. The cell line-propagated xenografts cannot completely resemble the corresponding human tumor for one important reason: they lack the cell stroma to resemble the microenvironment of the true tumor cells. Much research has proved the substantial role the stroma plays in carcinogenesis [9] , which strongly suggests the importance of xenograft identification in vivo. Most of the mouse models for CRC in the past were chemically induced, whereas now transgenic mouse models are used more frequently in CRC research.
Population-Based Verification
For CRC, human specimens from biopsy or surgical resection are suitable samples for population-based verification. High-quality biospecimens in tissue banks, combined with the corresponding bioinformatics and elaborate medical records, are crucial resources for the primary verification of the identification results from the lab [10] .
Clinical Validation
The final goal of translational cancer research is to translate research discoveries into clinical practice, which ultimately benefits the patients. Therefore, clinical validation is the gold standard to determinate the triumph of the translational research. For clinical cancer research, survival has always been the primary endpoint for consideration. Besides, we have to pay more attention to the life quality of cancer patients, and the European Organisation for Research and Treatment of Cancer (EORTC) provides quality of life questionnaires for assessment [11] . 
Discovery of Molecular Biomarkers and Validation with Multiple Clinical Centers
Certain experience has been accumulated which followed the basic strategies, starting from the discovery of biomarkers to the identification of biological function and validation with multiple clinical centers afterwards.
Hu et al. [12] selected the secreted protein, acidic and rich in cysteine-like 1 (SPARCL1) from the genomic screening of two groups of primary CRC with or without liver metastasis. In both in vitro and vivo studies, the ectopic expression of SPARCL1 was identified as a tumor suppressor. A retrospective outcome study [the COH set (222 CRCs) and the ZJU set (412 CRCs)] then also revealed that the role of SPARCL1 was associated with better overall survival, indicating the potential of SPARCL1 as a prognosis marker.
Wang et al. [13] focused on the high-mobility group A2 (HMGA2), an oncofetal protein, of which it was proved that its overexpression is associated with CRC metastasis and reduced survival rates. This retrospective multi-center study was conducted with 89 surgical CRC specimens of the training set and 191 of the validation set. Therefore, HMGA2 may potentially serve as a biomarker for aggressive CRC with poor survival.
Liu et al. [14] investigated the ribonucleotide reductase small subunit M2 (RRM2), whose overexpression was proved to dramatically enhance the ability of proliferation and invasion of cancer cells. The retrospective multi-center (COH set and ZJU set) outcome study was conducted to investigate the relevance of RRM2 and CRCs, which account for 437 cases in total. In this study, RRM2 was proved to be an independent prognostic factor predicting poor survival of CRC.
Han et al. [15] conducted research on SOX2, a member of the SOX family gene that plays a critical role in embryonic stem cells. Silencing of SOX2 was biologically investigated to induce mesenchymal epithelial transition. Furthermore, SOX2 activity was closely associated with the WNT pathway, and immunofluorescence cell staining analysis of 44 CRC specimens suggested the potential possibility of SOX2 as a prognosis marker for CRC metastasis.
These four studies were in accordance with the four basic strategies of translational research, including population-based verification and validation by two clinical centers. Namely, before clinically consented and accepted, further validation by multiple clinical centers is still needed.
Individualized Therapy and Tumor Heterogeneity
Although there are appropriate therapies for CRC, treatment failure still remains as the primary intractable problem. The main reasons for treatment failure are heterogeneity of the tumor. Therefore, the conception of individualized therapy based on specific molecular phenotype and furthermore CRC intrinsic subtype will probably solve the problem.
Specific Molecular Phenotypes KRAS. Cetuximab, a monoclonal antibody anti-epidermal growth factor receptor (anti-EGFR), was one of the efficient drugs for metastatic CRC. However, the mechanism of the different clinical responses to cetuximab remained unknown until the KRAS mutation was found [16] . KRAS, a member of the RAS proteins family, which belongs to the guanosine-5-triphosphatase (GTase) superfamily, is the important downstream of EGFR in the EGFR signaling cascade. Both retrospective and prospective clinical studies [17] [18] [19] [20] [21] proved the predictive value of KRAS mutation, revealing that only patients with a tumor bearing wild-type KRAS benefit from cetuximab, which is not the case for mutated KRAS [22, 23] .
MSI. MSI, the phenotype resulting from DNA mismatch repair, is defined as the instability of simple repeated DNA sequences named microsatellites. It was commonly believed to be a second mutational pathway for colorectal carcinogenesis, accounting for approximately 15% of sporadic CRCs [24, 25] . However, the prominent translational significance of MSI is that it has been clinically proved to be a predictor of the benefit of fluorouracil-based adjuvant chemotherapy in stage II and III colon cancer [26, 27] . Mismatch repair status assessment has been required to be taken into consideration before fluorouracil-based chemotherapy treatment decision making, which is already in the NCCN guidelines (version 3.2013) .
Colorectal Cancer Intrinsic Subtypes and Individualized Therapy
As specific molecular phenotypes discovered in CRC such as KRAS and MSI accumulate, a comprehensive classification for the intrinsic subtypes of CRC is essentially needed to gain better understanding of the biological network of CRC. The significant associations between intrinsic subtype and clinical outcomes arouse many concerns on the research for CRC intrinsic subtypes or 'molecular classification'.
Sadanandam et al. [28] first clustered two published gene expression data sets (GSE13294 and GSE14333) of resected primary CRCs, defining five subtypes by specific gene expressions: goblet-like, enterocyte, stem-like, inflammatory and transit-amplifying. Due to the differences in cetuximab sensitivity and the analysis of the related gene expression level such as the EGFR ligands epiregulin and amphiregulin, and the MET regulator filamin A, the transitamplifying subtype was designated into cetuximab-sensitive and -resistant, actually increasing the number of subtypes to six. Similarly, the study also confirmed the significant association between response signature of the chemotherapy regimen FOLFIRI and different subtypes, in which stem-like subtype was the preferentially suggested FOLFIRI chemotherapy in both adjuvant and metastatic settings. Anatomically, the five subtypes are located in different regions in colon crypts from base to top, while phenotypically they are distinct in disease-free survival after surgical resection, which has an important prognostic implication.
Another gene expression profile involving over 1,100 individuals was carried out by De Sousa E Melo et al. [29] , recognizing three molecularly distinct subtypes. Colon cancer subtype 1 (CCS1) and CCS2 were defined in accordance with previous identification, respectively associated with CIN and MSI (chromosomal-instable and microsatellite-instable cancers). The CCS3 tumor was largely microsatellite-stable and contains more CpG island methylator phenotypepositive carcinomas, with a significantly poor prognosis. Otherwise, the CCS3 tumor was highly related to serrated adenomas and proved to be resistant to cetuximab therapy.
Recently, an ongoing study for molecular classification of CRC into subtypes revealed that CRC consists of at least three major intrinsic subtypes (A, B and C type). The classification is mainly based on three biological hallmarks of the tumor, including epithelial-to-mesenchymal transition, deficiency in mismatch repair genes that result in a high mutation frequency associated with MSI, and cellular proliferation [30] .
All the studies uncover the potential possibility that the intrinsic subtypes of CRC are significantly associated with metastasis, prognosis and chemotherapy response, directing different treatment strategies. It meets the demand of individualized therapy for CRC, due to the clinical and biological heterogeneity of CRC. In essence, the clinical diversities derive from the intrinsic diverse molecular classification, which underlines the important role of the intrinsic classification in directing clinical treatments.
Perspectives and Conclusion
It is unambiguous that translational research is the right direction and the mainstay for the clinical and biological development of CRC treatment. However, our progress achieved from translational research is still slow and limited. It enhances the requirement of encour-
